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at high intake levels, appears in the urine.  In humans, total urinary
excretion of nitrate takes several days, and the average elimination
half-life is 5 hours. Nitrite is not a normal constituent of urine,
but it has been found in the urine of patients with urinary tract
infections.

Nitrate balance studies in humans have indicated that the
quantity of nitrate excreted in the urine can exceed the amount
ingested when these amounts are small. Heterotrophic nitrification
of ammonia or organic nitrogen has been postulated as a mechanism
to account for this difference; however, subsequent studies with
labeled nitrate in rodents indicate that such mlcrobial reactions
are not likely. Moreover, the analytical method used might have
led to an underestimate of the nitrate content of ingested food,
water, and air. Recent studies suggest that mammalian synthesis
of nitrate partially explains the excess nitrate excreted in the
urine.

The organotropic, toxic, and carcinogenic effects of nitros-
amines probably result from preferential metabolism by specific
organs. However, although tumor induction occurs only in organs
in which alkylation takes place, the nature of the alkylating
molecule is not known for a single nitrosamine* The primary
reaction required for activation may involve an enzyme-mediated
a-hydroxylation.  Studies of the mechanisms of activation also
suggest that oxidative dealkylation is necessary for the toxic
and carcinogenic action of nitrosamines and that cytochrome P450
metabolizing enzymes are involved.

Efforts to explain the carcinogenicity of various nitrosamines
have focused on alkylation of DNA, and some 11 different nucleoside
and alkylphosphotriester adducts have been found. However, the
balance among adduct formation, repair mechanisms, and cellular
replication may be the most important determinant of the carcino-
genic process. Conditions that accelerate replication or delay
repair could enhance miscoding, thereby increasing the number of
mutations and enhancing the carcinogenic effect, whereas conditions
that delay replication or enhance repair efficiency would have the
reverse effect. When considering the importance of repair mecha-
nisms, one must take into account the fact that humans repair
damaged DNA more efficiently than do other species and that repair
is more efficient at low doses of carcinogen.

In vivo formation of N-nitroso compounds has been studied
extensively in laboratory animals.  Sodium nitrite and an amine
coadministered to animals have led to the formation of nitrosamines,
which produce toxic effects (tumors or acute damage to target organs).
In humans, the evidence is sparse. Nitrosamines have been measured
in a variety of biological samples (e.g., feces, urine, and blood);
however, because of the low levels of nitroso compounds that would
be expected in specimens from humans and because of artifact forma-
tion during such assays (Chapter 7), the validity of these results
remains open to question.